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The aim of this investigation was to simplify extracts to
facilitate the isolation of antibacterial compounds from
the complex mixture of chemicals in the plant by using
different extractants. Intact dried leaves were extracted
with acetone and 1% aqueous sodium bicarbonate and
ground leaves were extracted by hexane, carbon tetra-
chloride, di-isopropylether, ethyl ether, methylene
dichloride, tetrahydrofuran, acetone, ethanol, ethyl
acetate, methanol and water. TLC was used to deter-
mine chemical composition and antibacterial activity of
extracts was determined by a microplate serial dilution
method. The different solvents extracted from 2.6 to
17.4% of the dry weight. Methanol, methylene dichloride
and tetrahydrofuran extracted the most components.
The chemical composition of the non-polar components
of the different extracts were remarkably similar. The
minimum inhibitory concentration for the different
extractants varied from 0.01 to 1.25mg/ml with the four
test organisms used (Staphylococcus aureus,
Pseudomonas aeruginosa, Escherichia coli and
Enterococcus faecalis). The extracts had similar activity
towards Gram-negative and Gram-positive bacteria. Di-
isopropyl ether, ethanol, ethyl ether, acetone and ethyl
acetate extracted high antibacterial activity with a lower
quantity of other non-active compounds and could be
useful for isolating bioactive compounds.
The increasing use of antibiotics and misuse by over pre-
scribing and/or poor patient compliance has led to the devel-
opment of bacteria resistant to antibiotics. This resistance
may be unavoidable (Spratt 1994) and is a result of the rate
at which bacteria multiply and disperse, as well as the ease
with which their genetic material can change, thus inactivat-
ing the curative or remedial treatment, or changing the target
area (Berkowitz 1995). Berkowitz (1995) and Leggiadro
(1995) warn that we may reach a post-antibiotic era where
antibiotics are no longer effective and they emphasise the
need for the development of new antimicrobial compounds to
control resistant organisms. Berkelman et al. (1994) also
stress the importance of finding new antibiotics because more
and more resistant pathogenic organisms are identified.
According to ethnobotanical literature the genus
Combretum is used widely and for a variety of conditions in
African traditional medicine. Members of the genus have,
inter alia, the following biological activities: antibacterial,
antifungal, antiviral, anti-inflammatory, diuretic, hypotensive
and molluscicidal (Hutchings et al. 1996).
Of the c. 400 species of Combretum only about 25 have
hitherto been subjected to detailed scientific study. The fol-
lowing metabolites were found: tannins, flavonoids, amino
acids, substituted phenanthrenes from various heartwoods,
a series of unique stilbenes and their glucosides and macro-
cyclic lactones known as ‘combretastatins’, ‘triterpenoid
acids’ and their saponins, mainly of the cycloartane and
oleanane types (Rogers and Verotta 1996). There are many
differences in the chemical composition in Combretum
species and TLC can be used to identify Combretum
species (Carr and Rogers 1986).
Several members of the Combretaceae have been used
for treating bacterial diseases in southern Africa (Watt and
Breyer-Brandwijk 1962). Alexander et al. (1992) found
antimicrobial activity in six species of Combretum they
examined and Breytenbach and Malan isolated three
antimicrobial compounds from C. zeyheri. C. erythrophyllum
contains at least 14 antibacterial compounds and some of
these had activities higher than chloramphenicol and ampi-
cillin (Martini and Eloff 1998). Eloff (1999) investigated the
antibacterial activity of leaf material from 27 southern African
members of the Combretaceae. Based on the minimal
inhibitory concentration (MIC) values of extracts and the
total quantity extracted from each plant, the species with the
highest antibacterial activity are C. molle, C. petrophilum, C.
moggii, C. erythrophyllum, C. padoides, C. paniculatum, C.
mossambicense, C. nelsonii, C. apiculatum subspecies
apiculatum, P. myrtifolia and C. woodii.
Apart from the brief investigation by Eloff (1999) no publi-
cation on the antibacterial activity of C. microphyllum was
found. Combretum microphyllum falls under the section
Conniventia of the subgenus Cacoucia (Carr 1988).
Introduction
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Preliminary work in our laboratory indicates that C. micro-
phyllum possesses chemical compounds and antibacterial
components with high activity that appear to be different
from those of other Combretum species. This prompted an
investigation of the leaf extracts of C. microphyllum to estab-
lish possible antibacterial compounds (Kotzé 2000).
The first step in this investigation was to determine which
extractant was the best to isolate the antibacterial com-
pounds. Cowan (1999) indicated that water, ethanol,
methanol, chloroform, methylene dichloride and acetone have
been used to isolate antimicrobial compounds from plants.
Eloff (1988a) concluded that acetone was the best extractant
for antibacterial compounds from Combretum erythrophyllum
and Anthocleista grandiflora. Rogers (1998) found that many
acidic chemical compounds are situated on the surface of
Combretum leaves and can be dissolved by 1% sodium bicar-
bonate and recovered by precipitation with hydrochloric acid.
C. microphyllum extracts are complex and the isolation of
bioactive compounds is difficult. This probably explains why
several studies started on isolating antimicrobial compounds
from Combretum species were not concluded. Some of the
extractants may be useful in yielding less complex mixtures
containing the bioactive compounds for subsequent isolation
purposes by either extracting bioactive components selec-
tively or by extracting non-bioactive components selectively
with another extractant subsequently used on the residue.
Various solvents have been used to extract plant metabo-
lites. In order to find an extractant that would be optimally
useful in screening and isolation of antimicrobial compo-
nents from plants, the following extractants were compared:
hexane (H), carbon tetrachloride (CT), isopropyl ether (IPE),
ethyl ether (EE), methylene dichloride (MDC), ethyl acetate
(EA), tetrahydrofuran (THF), acetone (A), ethanol (E),
methanol (M) and water (W). The following parameters were
investigated with the different extractants: the quantity
extracted, the diversity of compounds extracted and the total
antibacterial quantity extracted.
In preliminary bioautography experiments on extracts of C.
microphyllum we found that the antibacterial compounds in
the extracts are non-polar and the solvenT systems used for
TLC were selected to separate the antibacterial compounds.
All the antibacterial compounds that we and other workers
have isolated from the Combretaceae thus far were ter-
penoids or phenolics. In work on extracts of other Combretum
species we tested seven different spray reagents used for
phenolics and terpenoids and eventually decided on using
the vanillin and p-anisaldehyde spray reagents.
Materials and Methods
Plant material
Leaves of Combretum microphyllum, a creeper, were col-
lected from the same plant growing in the Lowveld National
Botanical Garden, Nelspruit and used in an earlier investi-
gation (Eloff 1999). The origin of the tree is recorded in the
database of the botanical garden and a voucher specimen
from the tree is deposited in the garden’s herbarium. Leaves
were dried at room temperature (c. 20°C) in the shade. All
the old, brown and infected leaves were removed. Intact
dried leaves were used for the initial extraction with acetone
and sodium bicarbonate. For the rest of the extractions, the
leaves were ground to a fine powder in a Jankel and Künkel
Model A10 mill. The ground leaf material was stored at room
temperature in the dark in tightly closed containers.
Extraction
Initially, bicarbonate extraction was used by extracting 3g
intact, dried leaves with 100ml 1% aqueous sodium bicar-
bonate (Rogers 1998) for 1 hour on an ultrasonic sound bath
(Bransonic 52 ultrasonic bath). After filtration through
Whatman #1 filter paper, the extract was acidified by adding
up to 4ml concentrated hydrochloric acid to precipitate the
extracted acidic compounds. The solution was left overnight
in a cold room. The same quantity of leaves was also
extracted with acetone under the same conditions without
acidifying. The acetone extract was dried under reduced
pressure and the precipitate was dissolved in 1ml acetone.
The process was repeated three times and the extracts were
decanted and combined.
With the other extractants 500mg of finely ground, dried
leaf material was extracted with 5ml. The following extrac-
tants (polarity and selectivity group, according to Snyder and
Kirkland (1979), given in brackets) were used: hexane (0.1,
0), carbon tetrachloride (1.6, 0), di-isopropylether (2.4, I),
ethyl ether (2.8, I), methylene dichloride (3.1, V), tetrahydro-
furan (4.0, III), acetone (5.1, VIa), ethanol (4.3, II), ethyl
acetate (4.4, VIa), methanol (5.1, II) and water (10.2, VIII).
Later, ethyl acetate was also used. Extractants used were of
reagent grade (Merck). The material was extracted in poly-
ethylene centrifuge tubes while shaking vigorously in a
Vortex model K-500-4 test tube mixer for 5 minutes. After
balancing and centrifuging at 3 000 x g for 5 minutes, the
extract was decanted in a pre-weighed container. The
process was repeated three times. (Filtration was used with
carbon tetrachloride because it could not be separated from
the solid materials, due to its high density). The combined
extracts were dried in a stream of air at room temperature.
Due to problems with drying, the water extract was dried by
vacuum distillation in a Büchi rotary evaporator and placed
in a desiccator overnight to determine yield and concentra-
tion. The dried extracts were dissolved in acetone to yield c.
25mg ml-1 of the extract and stored at c. 7°C in sealed,
labelled containers.
TLC analysis 
Thin layer chromatography (usually 5–10μl of a 50mg
extract/ml solution) was carried out on Merck TLC F254 plates
with the following solvent systems: benzene/ethanol/ammo-
nium hydroxide (90/9/1) (BEA), chloroform/ethyl
acetate/formic acid (5/4/1, v/v/v) (CEF), methylene dichlo-
ride/acetone (3/2, v/v) (MA). Separated components were
investigated under visible and ultraviolet light (245 and
360nm, Camac Universal UV lamp TL-600). TLC plates
were sprayed with one of the following spray reagents: 0,
59g vanillin dissolved in 100ml sulphuric acid:ethanol (4:1),
20% aqueous perchloric acid, 15ml 85% phosphoric acid
diluted to 100ml with methanol, 5ml p-anisaldehyde dis-
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solved in 90ml ethanol and 5ml concentrated sulphuric acid
(Stahl 1969). Plates were heated at 105°C until the develop-
ment of colour bands was complete.
Bioassay
Minimum inhibitory concentration (MIC) was determined
with a microplate serial dilution method (Eloff 1998b). The
following test organisms were used: Staphylococcus aureus
(American Type Culture Collection number 29213),
Pseudomonas aeruginosa (ATCC 27853), Escherichia coli
(ATCC 25922) and Enterococcus faecalis (ATCC 21212),
recommended by the National Committee for Clinical
Laboratory Standards (NCCLS 1990). These bacteria are
also responsible for most nosocomial diseases in hospitals
(Sacho and Schoub 1993).
Results and Discussion
Comparing sodium bicarbonate and acetone as extrac-
tants from intact leaves
After extracting 500mg dried intact leaves of C. microphyl-
lum three times, the acetone extract was bright green and
yielded 19mg and the sodium bicarbonate extract was black
and yielded 27mg. When these extracts were dried and dis-
solved in acetone to separate the extracted compounds from
salts and particulate material that may have been decanted,
9.1mg per gram plant material was soluble from the sodium
bicarbonate extract and 8.5mg per gram from the acetone
extract.
With the different spray reagents used, c. 20 compounds
were detected by TLC of the acetone extract and only c. 2 of
the sodium bicarbonate extract (results not shown). The
average total antibacterial activity (mass in mg ml-1) (Eloff
2000) was more than three times higher with acetone as
extractant than with sodium bicarbonate (Table 1).
Furthermore, hardly any precipitate was formed when a
large volume of sodium bicarbonate extract of C. microphyl-
lum fresh leaves was acidified. Consequently, the use of
sodium bicarbonate as extractant was discontinued.
Comparing eleven different extractants
Due to the high density of carbon tetrachloride the leaf
residue could not be separated by centrifugation. The insol-
uble plant material was filtered off using Whatman #1 filter
pre-paper wetted with carbon tetrachloride. Water extracts
had to be dried in a rotavaporator because it took too long to
dry in a stream of air at room temperature.
The quantity extracted per gram that was subsequently
soluble in acetone varied from 20mg (i.e. 2% of original dry
mass solubilised) for di-isopropylether to 174mg (17.4%) for
methanol (Table 1). Previous results (Eloff 1999) indicated
that C. microphyllum has one of the lowest yields of
extractable material of all Combretaceae investigated and
values obtained here confirm earlier results.
Despite the large difference in quantity extracted, the sep-
aration of c. 100mg of the compounds extracted by TLC
using different solvent systems and spray reagents indicat-
ed surprisingly little difference between different extracts.
Only the separation using BEA as solvent system and
vanillin as spray reagent is presented (Figure 1). One would
have expected that the more polar extractants would have
extracted few of the very non-polar compounds. A relatively
polar extractant such as ethanol extracted similar concen-
trations of non-polar compounds (high Rf values in normal
phase chromatography, Figure 1). This can probably be
explained by the presence of saponin-like components
present in the plant material. Similar to a soap with a polar
and non-polar end, these compounds could make non-polar
compounds soluble in polar extractants. This also explains
how relatively non-polar medicinal compounds can be pres-
ent in aqueous herbal preparations by traditional healers.
With this non-polar TLC solvent system, however, no visible
compounds that could be separated were extracted by cold
water. Possibly saponins may not have been released from
subcellular structures by cold water treatment.
Antibacterial activity of extracts
All the extracts had a substantial antibacterial activity with
MIC values between 0.05 and 1.25mg ml-1. There was little
difference in the activity towards the four bacteria examined
with average values of 0.29, 0.30, 0.31 and 0.46mg ml-1 for
E. faecalis, P. aeruginosa, E. coli, and S. aureus respective-
ly (Table 2). Plant extracts are frequently more active against
Gram-positive bacteria (Vlietinck et al. 1995), but this was
not true for C. microphyllum extracts.
MIC values obtained were lower than values obtained earli-
er for C. microphyllum extracts (Eloff 1999). The highest aver-
age activity was with ethanol as extractant (MIC 0.08mg ml-1)
and the lowest activity was with water as extractant (MIC of
0.96mg ml-1). With the exception of tetrahydrofuran it seems
as if intermediate polarity extractants had the highest activi-
ty.
If the aim is to extract the largest quantity of antibacterial
activity not only the MIC but also the quantity extracted
should be considered. The total antibacterial activity can be
calculated by dividing the quantity extracted by the MIC
value (Eloff 2000). Methanol extracted by far the most anti-
bacterial compounds followed by methylene dichloride,
Sodium bicarbonate Acetone
Quantity in mg extracted per gram 9.1 8.5
MIC
E. faecalis 0.07 0.11
P. aeruginosa 0.16 0.23
E. coli 0.16 0.03
S. aureus 0.06 0.01
Total activity
E. faecalis 130 77
P. aeruginosa 75 37
E. coli 57 283
S. aureus 152 850
average total activity 99 312
Table 1: MIC values in mg ml-1 and total activity calculated accord-
ing to Eloff (2000) of C. microphyllum leaves extracted with sodium
bicarbonate and acetone
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ethanol and ethylacetate (Table 2). These extracts may,
however, contain highly polar compounds that are not that
interesting for possible subsequent clinical applications.
Water had the lowest total activity with a value more than 60
times lower than the methanol value. If fresh leaves yield the
same quantity of antibacterial activity as dried leaves, it
makes it difficult to explain how traditional healers can use
aqueous extracts. The anomaly may be explained if there is
a major difference between cold and hot water extraction.
If the main objective is to obtain a highly active extract with
Figure 1: Separation of components present in 100μg of 11 different extracts using BEA as eluent and vanillin spray reagent. Lanes from left
to right extracted by hexane, carbon tetrachloride, isopropyl ether, diethyl ether, methylene dichloride, tetrahydrofuran, ethyl acetate, ethanol,
and methanol. No components separated in the water extract (results not shown)
HE CCl4 IPE EE MD THF A E EA M W
Total quantity in mg extracted from 1 gram 36 48 20 24 106 64 32 36 24 174 48
MIC
E. faecalis 0.08 0.15 0.21 0.15 0.30 0.28 0.13 0.07 0.40 0.18 1.20
P. aeruginosa 0.63 0.15 0.11 0.15 0.15 0.28 0.13 0.14 0.20 0.18 1.20
E. coli 0.32 0.60 0.05 0.15 0.14 0.20 0.27 0.07 0.20 0.18 1.20
S. aureus 1.25 0.60 0.21 0.30 0.15 0.57 0.27 0.14 0.20 0.18 1.20
Average 0.57 0.38 0.15 0.19 0.19 0.33 0.20 0.11 0.25 0.18 1.20
Total Activity
E. faecalis 450 320 95 160 353 229 246 514 600 967 15
P. aeruginosa 57 320 182 160 707 229 246 257 120 967 15
E. coli 113 80 400 160 707 457 119 514 120 967 15
S. aureus 29 80 95 80 707 112 119 257 120 967 15
Total 649 800 772 560 2474 1027 730 1542 960 3868 60
MIC x quantity extracted
21 18 3 5 20 21 6 4 6 31 58
Table 2: Quantity extracted, MIC values in mg ml-1 and total activity in ml of C. microphyllum per gram leaves extracted with hexane (H), car-
bon tetrachloride (CCl4), isopropyl ether (IPE), ethyl ether (EE), methylene dichloride (MDC), tetrahydrofuran (THF), ethyl acetate (EA), ace-
tone (A), ethanol (E), methanol (M) and water (W) as well as a measure of high antibacterial activity and few other compounds (MIC x quan-
tity extracted)
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the lowest concentration of other compounds for isolating
the antibacterial compounds, a low MIC value associated
with a low quantity extracted will be the best. By multiplying
the MIC value with the quantity extracted the lower the value
the better the extractant would be for isolating extracted anti-
bacterial compounds (Table 2). The best extractants for this
purpose are di-isopropyl ether, ethanol, ethyl ether, acetone
and ethyl acetate. Values obtained with acetone on intact
leaves was, however, much lower (0.81) than values
obtained with ground leaves, indicating the possible value of
extracting intact leaves.
To determine if the selectivity group (Snyder and Kirkland
1979) of the extractants had a major effect the results were
grouped (Figure 3). Extractants in groups II, III and V had the
highest activity. These extractants are good H-acceptors
with a large dipole moment. Other extractants in these
groups include higher alcohols and a number of other
extractants, which are impractical to use for isolating bioac-
tive compounds due to the high boiling point.
Conclusion
There was a surprising similarity in the chemical composi-
tion of the non-polar components of extracts using extrac-
tants of widely varying polarity and belonging to different
selectivity groups. This may be explained if there are large
quantities of saponins or other soap-like compounds that
would solubilise very non-polar compounds into polar
extractants. Sodium bicarbonate did not work well as an
extractant for C. microphyllum. The lowest MIC value was
obtained using acetone on intact leaves. If this result can be
confirmed with other Combretum species it may lead to
extracts from which at least some bioactive compounds may
be more easily obtained.
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